Kidney transplantation and the associated immune suppression are associated with a significantly increased risk of developing cancer during long-term follow-up. Thyroid cancer has been recognised as a potential post-transplant risk but has not yet been subject of a focused review. We therefore performed a meta-analysis on data of 50 861 patients with a total follow-up of 198 595 patient-years and identified a 6.9-fold higher standardised incidence ratio (95% confidence interval 5.6-8.7, P!0.001) of thyroid cancer post renal transplantation as compared with a non-transplant group. All such cancers were of papillary type as far as histopathology was known. The mean time to discovery was 6.0 years post transplantation. This puts thyroid cancer into the group of high cancer risk following solid organ transplantation which already includes cervical cancer, non-melanoma skin cancer, oral and lip cancer and haematological malignancies. It is unclear what causes the increased cancer incidence. Inclusion of thyroid ultrasound in long-term post-transplant evaluation may help to ensure timely recognition of this condition.
Introduction
Organ transplantation is currently considered the best option available in most types of end-stage organ failure. Success rates of organ transplantation have significantly improved over recent decades. This success mostly relates to improvements in immunosuppressive therapy and long-term care. However conversely, patients are now exposed to the longterm consequences of impaired immune function.
One meta-analysis of population-based studies indicates a significant increase in thyroid cancer in renal transplant patients among many other cancers (Grulich et al. 2007 ). These include cancers of the cervix, lip, skin and lymphomas (Grulich et al. 2007) .
At present, it is not clear if addition of further data would corroborate the outcome of this former metaanalysis as far as thyroid cancer is concerned, which kind of thyroid cancer is observed, or at which time interval such transplant-related thyroid cancer appears.
In view of this, we focused on thyroid cancer in renal transplant recipients and carried out a meta-analysis with review of thyroid-specific information.
Materials and methods
In designing our meta-analysis, we reviewed published work available of conducting meta-analyses of observational studies (Stroup et al. 2000 , Wright et al. 2007 . Accordingly, we defined the below criteria for studies to be entered into the meta-analysis: Inclusion criteria 1) All studies had to be published in English 2) All studies were cohort studies of organ transplant recipients 3) Studies matched transplant population to standardised population to calculate a standardised incidence ratio (SIR) 4) Studies stated incidence of thyroid cancer and SIR of thyroid cancer Exclusion criteria 1) Bone marrow transplantation studies were excluded 2) Some studies collected data on incident cancer through cancer registries in developed countries. Those studies that merely accepted thyroid or other cancer diagnoses without confirming that these were notified to a cancer registry were excluded
The author (D K) searched for articles reported up to January 2009 in PubMed, with the combination of search terms 'cancer ', 'transplantation', 'thyroid', 'organ', 'transplant', 'renal' and 'immunosuppression' . The search was restricted to studies published in English. The search results were restricted to the presence of these words in the title or abstract of the articles.
A preliminary search of these terms yielded 13 477 search items. The author (D K) went through all these items and identified 288 relevant publications based on the title of these of publications. Study of the abstracts of these 288 publications identified 120 publications which seemed to contain relevant data. These 120 publications were read in full-text and scrutinised for the presence of data allowing safe calculation of the SIR. This process revealed nine studies appropriate for analysis based on the criteria set out above. In addition to this, the references of the nine relevant articles were also scrutinised to identify any further articles not revealed by the above search. All the studies included in this publication were reviewed in full by all authors.
In addition, any further data required for conducting the analysis were obtained by contacting the relevant authors of the studies included to obtain any data not provided in the former publication.
The data were then extracted and analysed. We identified observed and expected numbers of cancer cases by selected cancer sites or grouping of sites. The authors (N D & R A-A) carried out the statistical analysis. The SIRs of commonly known cancers and cancers well established to have increased risk in the organ transplant population were compared with that of thyroid cancer. In addition, features such as mean age of patients at transplantation, the mean time to development of cancer, the number of thyroid cancers and histology were tabulated, where available. We also attempted to obtain data on how these thyroid cancers were originally identified. We identified whether detection occurred in the setting of a structured screening programme or was an incidental discovery by contacting the authors of the studies. The majority of studies available for evaluating thyroid cancer in the transplant population is retrospective and predominantly review the cancer risk in the renal transplant population. All but one study were found to report on renal transplant patients. In order to reduce any form of bias, only data related to renal transplantation were reviewed in our analysis. The SIRs were specifically calculated and requested from authors for the relevant cancers used in our comparison.
The number of cancer cases observed and expected was tabulated by cancer site and in cases, where the expected cases were not presented, this was calculated by using the reported SIRs. The overall SIRs for the studies were calculated by author (R A-A and N D) by weighting the studies based on their sample size. 
Statistical analysis
In our meta-analysis, we obtained an estimate from each study of the unadjusted relative risk (RR) with 95% confidence intervals (CIs). We used a random effect model and calculated pooled effects (95% CIs) for RR using the inverse variance method. We performed the Breslow-Day test for homogeneity of RRs, Cochran-Mantel-Haenszel test for the null hypothesis of no effect (RRZ1), and the Mantel-Haenszel common RR estimate and depicted results using a forest plot. We assessed publication bias by using a funnel plot and Begg's test to find out whether there was a bias towards publication of studies with positive results among the smaller studies. We also examined the influence of individual studies, in which the meta-analysis estimates are derived omitting one study at a time to see the extent to which inferences depend on a particular study or group of studies. The statistical package STATA v9.1 (www.stata.com) was used.
Results
Our analysis included nine studies comprising a total of 50 371 pure renal transplants (98.2%) and 927 mixed and other solid organ transplants (1.8%; Table 1 ). These studies were based in a number of countries, which included Australia and New Zealand, Canada, Denmark, Finland, Hungary and Sweden. We considered the sample size of the mixed and nonrenal transplant group as too small for meta-analysis. As a consequence, only patients who underwent renal transplantation were included here. Table 2 shows a summary of the studies included in our analysis with details of the studies. As can be noted, all the studies were retrospective and the largest study had over 11 000 patients.
The overall mean age at transplantation was 44.4 years (range: 40.3-53.1 years) with a mean follow-up time of 8.2 years (Table 3 ). In total, all the studies (Table 3) . Meta-analysis for the SIR for thyroid cancer showed it to be significantly elevated at 6.94 (95% CI 5.55-8.69; P!0.001). Figure 1 shows the forest plot for individual and overall RR measures. The pooled estimate of RRs using the random effect model (RR) was 6.94 (95% CI 5.55-8.69; P!0.001). Heterogeneity test was not significant (QZ12.47, PZ0.131). There was no evidence of publication bias using Begg's test (PZ0.118; Fig. 2) .
A sensitivity analysis (Table 4) indicates that the omission of any of the studies led to changes in estimates between 6.13 (4.92-7.64) and 8.01 (6.83-9.40). The changes were not significant.
The more common epithelial cancers such as breast, prostate, colorectal and ovarian were not significantly increased in the transplant population (Table 5 ). In addition, cancers related to viral infection such as nonmelanoma skin, cervix uteri and lip cancers were found at increased rates in the transplant population (Table 5 ). Kidney and bladder cancers were also found to be increased in the transplant population ( Table 5) .
None of the studies had routine neck US scanning as part of their screening post renal transplantation. In total, there were 115 thyroid cancers and almost all were noted to be papillary carcinomas ( Table 6) . The overall mean time to thyroid cancer development with the day of transplantation defined as day 0 was 72.0 months as compared to the 92.7 months for all other cancers.
Discussion
Our data show that the risk of thyroid cancer is significantly increased following allogenic kidney transplantation (SIR 6.94 95% CI 5.55-8.69 P!0.001). The majority of cancer appears about 6 years following transplant. With the exception of those cancers with unspecific histology, they all are of papillary type.
Conversely, malignancies commonly encountered in the general population, such as carcinoma of the breast, prostate, lung and colon, are not seen more frequently in transplant recipients.
It is uncertain as to whether the increased risk of thyroid cancer post transplantation is related to chronic immune suppression alone or eventually also related to pre-existing cancer risk factors. End-stage kidney (Maisonneuve et al. 1999) . Importantly, the overall cancer risk associated with ESKD was lower than the risk post transplantation.
Studies that fail to record the increased cancer risk in patients with ESKD still show an increased risk for thyroid cancer in dialysis patients (RRK2.0; Kantor et al. 1987) . As far as thyroid cancer is concerned, a study by Brunner et al. (1995) which mapped cancer incidences using European Dialysis and Transplant Association-European Renal Association cancer registry found an increased incidence of thyroid cancer both in transplanted patients as well as in patients with chronic renal failure treated by maintenance haemodialysis. The vast majority of cancer occurrence in post-transplant recipients is that of de novo cancer rather than the result of an ascertainment bias (Vajdic et al. 2006 ). In addition, we noted that neck US scanning was not part of routine screening in any of the studies, thus it is likely that all thyroid cancers detected were incidental findings. The lack of excess risk of prostate and breast cancers (commonly diagnosed by opportunistic screening) also argues against this bias playing an important role. However, these inferences need to be treated with the caveat that specifically papillary thyroid cancer can have a very long latency. Our data show that the average time of discovery of the thyroid cancer is 6 years following transplant. It is impossible to know how many of these cancers would have been initiated in the pre-transplant episode. The most important question in this matter is whether the rate of de novo initiation or growth of cancers or both factors are altered by the post-transplantation state. Indeed, it is not unlikely that post-transplant immunosuppression could have modified the clinical course of latent disease which thereby became clinically detectable and relevant. We can only speculate as to the drivers behind thyroid carcinogenesis in the setting of chronic immune depression. There is considerable evidence that viral infection may contribute to thyroid carcinogenesis, including enteroviruses, Epstein-Barr virus (Shimakage et al. 2003) , and human papilloma virus B19 (Wang et al. 2008) , and human hepatitis C virus (Antonelli et al. 2009 ). Immune surveillance by dendritic cells may be among the mechanism of thyroid cancer control (Schott 2006) . The pattern of solid organ cancers found to be increased following renal transplantation seems to be associated with a viral oncogenic pathway of induction, such as cervical cancer, non-melanoma skin cancer and lip cancer. Thyroid and renal cancers seem to be an exception to this pattern as noted from our analysis. It would be of interest to determine whether an increased risk of cancer (specifically thyroid cancer) is present in other immunodeficient populations. Kyllonen et al. 2000 Adami et al. 2003 Végso et al. 2007 Hoshida et al. 1997 Birkeland et al. 2000 5.00 (3.25 -7.69) 6.90 (4.77 -9.97) 6.94 (5.55 -8.69) Figure 1 The Forest plot depicts the scattering of the odds ratio (OR) with 95% confidence intervals (CI) for the studies entering meta-analysis. The squares indicate sample size as inverse variance weights. The rhombus indicates the OR of the combined studies with 95% CI. 3.6 (1.7-6.9) Grulich et al. (2007) have recently conducted a metaanalysis which compared the incidence of malignancy in people with HIV/AIDS and transplant recipients. They evaluated seven studies of people with HIV/ AIDS (nZ44 172) and five studies of transplant recipients (nZ31 977). Interestingly, a similar pattern of increased risk of malignancy was identified in both populations (20 out of the 28 malignancies investigated). A large proportion of these 20 malignancies were associated with a known or suspected viral aetiology. The common epithelial cancers such as cancers of the colon, breast, rectum, ovary and prostate were not found to be increased in either population.
The trends noted in this study were very similar to the pattern noted in our analysis. However, whereas there was an increased risk of thyroid cancer in the transplant population (5.91 95% CI 4.41-7.90), there was no increased risk of thyroid cancer in the HIV/AIDS population. This suggests that different immune mechanisms may be responsible for the development of thyroid cancer in immunosuppressed transplant patients. However, the differential immune modulation that results from treating these two patient groups provides a significant confounding factor. The majority of patients in the HIV/AIDS group was likely to be treated with combination anti-retroviral agents. It is possible that anti-retroviral agents interact directly with the mechanisms involved in the development of thyroid cancer. By evaluating the immune profiles of the HIV/AIDS population and comparing it to the transplant population, we may be able to determine what factors account for this observed difference in thyroid cancer risk. The debate on the presumed cause of thyroid cancer should not overshadow the important conclusion which needs to be drawn from these results. Our analysis shows that all thyroid cancers occurring in the post-transplant setting are of papillary type, as far as specific histopathology information was available. Papillary thyroid cancer has an excellent prognosis with timely detection and appropriate treatment (Mazzaferri 2009 ). We therefore feel that ultrasound screening for thyroid lesions prior to transplantation and yearly thereafter during routine post-transplant surveillance should help to control a recognised risk factor in the long-term course.
Conclusion
Our meta-analysis has clearly demonstrated that the standardised incidence rate of thyroid cancer is elevated in renal transplant recipients. While the origin of this phenomenon is not clear, it supports the use of thyroid ultrasound in the pre-and post-transplant setting in order to ensure timely detection of a curable disease.
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